A novel simple approach for designing single-layer printed log-periodic dipole array (PLPDA) antenna fed by conductor-backed coplanar waveguide (CBCPW) is presented. The PLPDA antenna has the merits of wide bandwidth, low profile, and stable radiation pattern, which should be fed by the balanced line. The balanced line, created by the geometric features of the CBCPW, provides a balun with a considerably wide bandwidth with low profile, broad bandwidth, low insertion loss, and so forth. The prototype of the proposed CBCPW-fed printed log-periodic array at Ka band is designed and fabricated; the measured data are in good agreement with the simulated results.
Introduction
As an end-fire type antenna, the log-periodic dipole array (LPDA) antenna has the merits of fixed peak radiation and stable radiation pattern within the operating frequency, so it is one of the candidates for the modern wireless communications system. Numerous studies have been documented on the design method and the performance of the conventional LPDA antenna since the 1960s [1] [2] [3] [4] [5] [6] [7] .
In order to achieve low profile, printed log-periodic dipole arrays (PLPDA) antenna was proposed based on the printed integrated board (PCB) technology [8] [9] [10] [11] [12] [13] [14] . Practically, the performance of the PLPDA antenna is determined by the feeding network. At an early stage, the PLPDA antenna was designed on a piece of the double-layer printed circuit board [8] [9] [10] [11] , but it increases the fabrication cost and limits the productivity. Then, the fabrication cost is reduced by using single-layer printed circuit, so the single-layer PLPDA antennas with two coaxial cables as the feeding network were proposed [12, 13] . However, soldering coaxial cables bring significant fabrication error and misalignment, especially at millimeter-wave frequencies. A single-layer slot PLPDA antenna fed by coplanar waveguide (CPW) was proposed [14] , the CPW transmission line has been widely used in the monolithic millimeter-wave integrated circuits (MMIC), but this transmission line suffers from high insertion loss in the transition, radiation loss, serious crosstalk, and lower power handling capability because of its open structure.
Recently, the substrate integrated circuits (SIC) concept, in particular substrate integrated waveguide (SIW) technique, has been demonstrated as a promising scheme for low-cost, small size, relatively high power, low radiation loss, and high-density integrated microwave and millimeter-wave components and systems, which has been widely used in the low profile antenna design [15] [16] [17] [18] . And the substrate integrated PLPDA antenna is proposed [19] . However, this new feeding network is larger, especially at lower frequency. And the printed dipoles of the PLPDA antenna mentioned above are all cross-symmetrically spaced along the parallel feed lines on both sides of the dielectric substrate. So, it necessitates two sides of the substrate to be etched.
In this paper, a simplified PLPDA antenna fed by CBCPW is presented, which can be called CBCPW PLPDA antenna. The geometry of the proposed antenna is shown in Figure 1 . It has advantages of low profile, broadband, light weight, and ease of integration to the planar circuits. The entire structure is fabricated on a piece of PCB. And all the printed dipoles and 2 the feed lines of the PLPDA antenna are printed on only one side of the dielectric substrate. Therefore, this novel antenna alleviates the deign complexity, reduces the cost, and can be easy to integrate with MMIC.
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CBCPW PLPDA Antenna Design
For the proposed antenna design, the 50 Ω CBCPW is directly transited to the two parallel transmission strip lines, along which the dipole elements are symmetrically distributed on the top metallic layer of the substrate. One parallel line is connected to the central line of the CBCPW, and the other one is connected to one side of the ground on the top side of the CBCPW. The bottom ground of the CBCPW is etched on the bottom layer of the substrate; the top and the bottom metallic layers of the CBCPW are connected by the metallic vias to balance the transmission line. Figure 2 depicts the dominant mode in the cross-section of the CBCPW, which clearly shows the 180 ∘ phase difference between the central line and the ground of the CBCPW. Therefore, the structure of CBCPW can provide a good performance over a fairly wide bandwidth and perform a good balun line for the feeding network of the single-layer PLPDA antenna.
The electromagnetic power excited by the feeder is transmitted from CBCPW to the dipole elements along the two parallel transmission strips line, which is shown in Figure 3 . And the parallel transmission strip lines acts as a transformer between the CBCPW and the PLPDA antenna; it also performs as the balun. Therefore, the currents of the dipole elements on the left side are in phase with those printed in the opposite direction on the right side of the substrate, which results in mono-directional radiation towards the shorter elements.
The parameters of the proposed antenna are determined by the modified Carrel method [2] , including an effective relative dielectric permittivity in computations to dipole lengths and spacing. According to the principle of the PLPDA antenna, the optimum values of the parameters , , and International Journal of Antennas and Propagation can be determined by the scale factor and spacing factor as given by [7, 8] 
The value of the structure bandwidth = × ar , where is the desired bandwidth ratio and ar is the bandwidth for the active region given by [7, 8] 
The number of the dipole elements is obtained from [7, 8] = 1 + log log (1/ ) .
The actual half-length of the largest dipole element adjacent to the feed point is given by [7, 8] 
where eff min is the shortest effective working wavelength, eff is the effective dielectric permittivity, is the dielectric constant, ℎ is the substrate thickness, and 1 is the width of the first dipole element. Hence, the parameters of this structure to be tuned are , , 1 , 1 , and sef , which can be optimized to further enhance the performance. In this paper, the proposed CBCPW PLPDA antenna is designed at 25-40 GHz, which is printed on one side of a 0.5 mm thick FR-4 substrate with the permittivity of 4.3. The size parameters of the 50 Ω CBCPW can be first decided, and then the length of the longest dipole 1 can be calculated from (5) . Then, the length of the other elements can be calculated from (1); meanwhile, the width of the longest dipole 1 , the feed line sef , and the distance from the feed point to the first dipole 1 can be optimized by the full-wave simulation software HFSS. The width of the other elements and the spacing between the elements can be obtained from (1) and (2) . After optimization with the fullwave simulation software HFSS, the dipole element is 4, and the other geometry parameters of the proposed antenna are shown in Table 1 .
Experimental Results
The proposed PLPDA antenna at 25 GHz-40 GHz is designed, fabricated, and measured. The measured and simulated return losses of the proposed PLPDA antenna are shown in Figure 4 . All of the measured results shown below include the losses of 50 Ω CBCPW insertion loss, the 2.4 mm to 3.5 mm adapters, and the SMA connectors. It can be seen that the | 11 | is below −10 dB from 28 GHz to 40 GHz. There is a little difference in the center frequency between measurement and simulation, which may be brought by the fabrication errors and frequency dependent dielectric permittivity without consideration in the simulation. Figure 5 shows the measured antenna gain of the proposed antennas. The peak antenna gain of the CBCPW PLPDA antenna is 4.3 dBi at 34 GHz. The measured antenna gain of the CBCPW PLPDA antenna is less than that of the simulated results, which maybe brought by the losses of the SMA connector and the increasing substrate loss of the antenna at millimeter-waves.
The far-field radiation pattern of the proposed antenna is measured which shows the similar characteristics across the operating bandwidth. And for brevity, only the 35 GHz radiation patterns are shown in Figure 6 , which shows that the front-to-back ratio is larger than 15 dB, and the 3D farfield pattern of the proposed antenna at 35 GHz is given in Figure 7 , which shows that the proposed CBCPW PLPDA antenna has a good end-fire radiation characteristic.
Conclusion
In this paper, a low profile, low-cost, and simple design PLPDA antenna fed by CBCPW has been proposed. The prototype for the proposed CPW PLPDA antenna has been designed, fabricated, and measured. It is simple to make a prototype by using standard PCB fabrication technique. Because the feeding network does not require additional devices, such as a T-junction, power divider, or microstripto-coplanar strip line (CPS) balun, this antenna is simple to design. The low profile antenna structure results in ease of integration into planar microwave and millimeter-wave wireless communications systems. The proposed concept reduces the size and design complexity of the antenna. Radiation pattern and antenna gain of the CBCPW PLPDA antenna are presented and studied. The advantages such as low cost, broadband, compact, and simplicity are verified by the experiment.
